ABSTRACT. Ovine herpesvirus 2 (OvHV-2) causes sheep-associated malignant catarrhal fever (SA-MCF), and is responsible for economic losses in cattle and other susceptible species around the world. A survey of 154 serum samples from 14 flocks in 3 Japanese prefectures (Hokkaido, Aomori and Iwate) was undertaken between 2007 and 2008 to test for antibodies to OvHV-2. OvHV-2 was present in 56 sheep and 2 goats, with 37.66% of samples having a positive reaction using a serum neutralization test. The immune reaction reported in goats could result from Caprine herpesvirus-2. These results indicate that sheep are reservoirs for OvHV-2 in the field in Japan, and they might transmit the virus to susceptible cattle and wild fauna.
Malignant catarrhal fever (MCF) is an infectious disease of cattle and other ungulates including deer, bison (Bison bison)
and occasionally also pig [3] . MCF has also been reported in moose (Alces alces) [18] and water buffalo (Bubalus bubalis) [16] . Ovine herpesvirus type 2 (OvHV-2) is present in sheep and is a known cause of the sheep-associated malignant catarrhal fever (SA-MCF) [1, 2] . Similar to other natural reservoir species for the viruses causing MCF, sheep do not exhibit any clinical signs of infection, whereas the disease is often fatal in MCF-susceptible species. Domestic goats harbor a virus that is closely-related to OvHV-2, which has been termed Caprine herpesvirus-2 (CpHV-2) [11] . Disease caused by this virus has to date been described only in cervids including moose, roe deer, sika deer and white-tailed deer [9, 15] and water buffalo [6] .
OvHV- 2 has not yet been isolated, but its genome has been cloned and sequenced [8] . According to the genomic sequence, OvHV-2 belongs to the genus Macavirus of the subfamily Gammaherpesvirinae [10] . SA-MCF, initially observed in Europe, is found worldwide wherever sheep and cattle (or other MCF-susceptible species) are kept together. SA-MCF currently is an important economic and welfare problem in Bali cattle (banteng; Bos javanicus) in Indonesia and in bison in the U.S.A.
In Japan, studies on MCF demonstrated the occurrence of the disease in cattle [19] . Only one previous study showed the presence of OvHV-2 in sheep in Japan [22] , and this study reported a seroprevalence of 64.3% in 238 samples from sheep originating from 10 farms in the Hokkaido prefecture. No further investigation has been reported.
In order to explore the presence of OvHV-2 in sheep, and to obtain a more recent picture of its epidemiology 12 years after the first report, a serological survey of the Japanese sheep population was carried out between September 2007 and January 2008. Samples were taken from sheep in the northern Japanese prefectures of Hokkaido, Aomori and Iwate, because most of the small ruminant population, a total of 4,775 sheep (43%), is located in these areas.
The survey was performed on sheep raised both commercially and traditionally, ranging from farms with a limited number of animals up to large flocks of 700 heads. The number of flocks was determined according to the animal population of each prefecture and is representative of the livestock production systems in the country. Ten flocks were sampled in Hokkaido prefecture, considering that about 37% of sheep breeding in Japan is concentrated in this region. The ten flocks were arbitrarily chosen to include flocks from different regions of Hokkaido prefecture. Samples were also taken from sheep in four flocks from the Tohoku area, two from Iwate prefecture and two from Aomori prefecture ( Table 1) .
A maximum of 20 animals were sampled from each selected flock, according to the national standard of flock composition (number of rams, ewes and yearlings). In 2 of the 14 flocks, only 11 and 16 sheep, respectively, were available for sampling, and in 1 flock, 5 goats were additionally sampled; thus, a total of 272 serum samples were collected. All age categories, from 1 to 12 years of age, were sampled. Lambs were not sampled to avoid interference from the potential presence of maternal antibodies. Goats were cross-breed Shibayaghi × Tokara × Dane. All the serum samples were stored at −20°C prior to examination. The collected ovine serum samples were subsequently transported to laboratories in Italy for further analyses, under the authorization permitted by the Ministry of Health, Rome, Italy. Serological testing was carried out using the serum neutralization (SN) test. In a 96-well plate, heat-inactivated serum samples were diluted from an initial dilution of 1:2 to 1:256, in duplicate, and placed in contact with 100 TCID 50 of previously titrated Alcelaphine herpesvirus 1 WC-11 strain. After incubation for 1 hr at 37°C under 5% CO 2 to enable viral neutralization, 5 × 10 5 /ml of bovine turbinate cells, suspended in minimum essential medium (MEM) (Sigma-Adrich, St. Louis, MO, U.S.A.) containing 100 IU/ ml penicillin, 100 µg/ml streptomycin, 5 µg/ml gentamicin, 50 IU/ml nystatin and 10% fetal calf serum (Sigma-Adrich), were added to each well. After 5 days, the cytopathic effect (CPE) in the wells was evaluated, and the antibody titer was defined as the highest serum dilution able to inhibit at least 75% of the CPE. Positive and negative reference sera, cells and virus controls (IZS, Teramo, Italy), were included in each plate.
Not all the samples underwent serological testing for the OvHV-2 antigen (Table 2) . Some sera showed cytotoxicity (indicated by cell death, possibly caused by the sub-optimal condition of the samples) or they were not tested, because of insufficient serum quantity; all these samples (n=118) were excluded.
The SN test revealed that 58 samples, out of the 154 serum samples examined, were positive for anti-OvHV-2 immunoglobulins (Table 2) ; this corresponds to a seroprevalence of 37.66%. The overall flock seroprevalence was based on a single positive result within a flock, with 85.71% of flocks being positive. The average incidence of seropositive animals in individual herds ranged from 11.11% (flock No.11) to 85.71% (flock No.12). Titers ranged from 1:4 to 1:256 (Table 2) . OvHV-2 infection was detected in 12 out of the 14 sampled flocks in Hokkaido, Aomori and Iwate prefectures. Hokkaido prefecture, the most involved in sheep production, had an overall seroprevalence of 30.97%. The SN test results show that 80% of the flocks were seropositive. A relatively higher prevalence was reported in the other two prefectures; the prevalence of OvHV-2 infection was 56.52% in Iwate and 55.55% in Aomori, with all the sampled flocks showing seropositive animals. Four rams, 54 ewes and 2 goats were affected. Seroconversion was present in animals of all age categories from one year of age and older than eight years of age.
These serological data indicate that exposure to OvHV-2 is widespread across northern Japan, with seropositive flocks in all three prefectures. The numbers of samples tested per prefecture varied, but the rate of positivity did not appear to relate directly to the number of samples tested. This survey provides the first serological evidence of the OvHV-2 infection in sheep in Iwate and Aomori prefectures. Interviews with farmers revealed that no previous investigations on this pathogen had been carried out in any of the randomly selected sampling units for this study. Thus, this research provides The seroprevalence of OvHV-2 infection reported in the present study (37.66%) was lower when compared to that of the previous study conducted in Japan (64.3%) [22] . In the U.S.A., OvHV-2 was associated with 53 to 59% of serologically positive sheep [12] , while seropositivity in Germany was reported prevalence as 75% [7] , and that of the Middle East, which was greater than 70 to 95% [5] . In addition, species that may harbor MCF viruses, including sheep and goats, have a higher frequency of seropositivity (>90%) than do MCF-susceptible species including cattle, bison, deer, caribou, elk (Cervus elaphus) and moose, which ranges from a few percent to 50% seropositive [7, 12, 21] , indicating their status as silent carriers of the MCF virus. The lower prevalence reported in this study might be due to use of the SN test, which is different from the tests used in other studies. For example, the complement fixation test was used in the previous study conducted in Japan [22] , an enzyme-linked immunosorbent assay was used to detect OvHV-2 antibodies in the studies performed in the U.S.A. and Germany [7, 12] , and PCR was used to detect OvHV-2 antibodies in a study performed in Israel [5] . Ideally, a comparison with other tests would increase information about the reliability of the infection rate obtained using the SN assay, but this was outside the scope of this study.
In this study, considering that one flock (Hokkaido 9) was bred with a large number of goats, additional goat samples have been collected for testing MFC virus infection. Two caprine serum samples were positive for OvHV-2 antibody. This immune reaction observed in goats in this study could result from CpHV-2, which is genetically related to OvHV-2, and cross reacts with the other MCF herpesviruses. However, seropositivity could be a result of immune reaction against OvHV-2, taking into account the close contact with infected sheep (40% resulted positive in the sheep flock) and the susceptibility of goats to the ovine virus. OvHV-2-specific DNA sequences have been reported in goats [25] . In addition, OvHV-2 sequences were detected using PCR in 17% of goats surveyed in Indonesia [24] . Discrimination between CpHV-2 and OvHV-2 was not possible with the serological test used in the study.
Considering the potential direct or indirect adverse effects on bovine welfare and production, suitable intervention and control measures should be introduced to avoid diffusion and impact on valuable breeding cattle farming. On some farms, other domestic animals, in particular cows, were housed close to sheep pens or had access to common pastures. One sheep flock (Hokkaido 7) originated from a farm mainly focused on cattle breeding, thus being in close contact with a herd of 700 Japanese black cows. Similarly, preventive measures should be considered to protect wild fauna. Cervids, such as sika deer, which have a large population in Japan, are even more sensitive than cattle to OvHV-2 infection. Many deer die within 48 hr of the first clinical signs and affected bison generally die within 3 days [20] .
Close contact with sheep flocks should, thus, be avoided. However, although most infections occur when the carrier host and susceptible animals are in close contact, transmission of OvHV-2 has been reported when cattle have been separated by a distance of at least 70 m from lambs [26] . Similarly, SA-MCF was also reported in bison herds up to 5 km from a lamb feedlot [26] .
An important consideration is that the MCF-associated virus, OvHV-2, sheds intermittently in nasal secretions [23] , and appears to be transmitted by contact or aerosol, mainly from lambs (OvHV-2) under one year old, and particularly by six-to nine-month-old lambs [4, 13] . Hokkaido  12  1  3  1  0  0  1  0  2  0  20  2  Hokkaido  3  0  2  1  3  1  1  0  6  3  20  3  Hokkaido  4 Taking into account that under natural conditions, the majority of lambs are not infected until after two months of age [13] , the production of a virus-free host is also a possibility. If lambs are removed from contact with infected sheep prior to two months of age by early weaning and isolation, they remain uninfected and can be raised virus free [14] . This knowledge is being used by farmers to produce OvHV-2-free sheep in the U.S.A. and Europe [17] . Similarly, CpHV-2-free goats could be produced.
The MCF virus circulation in sheep flocks in the northern prefectures of Japan, based on serological analysis, needs further evaluation in order to examine the full extent of the problem in small ruminant populations, taking into account that infection is characterized by a potential negative impact on animal health. Knowledge and awareness of the disease should be improved and disseminated to veterinarians and farmers. This will benefit the welfare of cattle and wild fauna in Japan.
